The behavior of electrically conducting dusty nanofluid through a stretching surface with Hall effect has been investigated through an innovative approach. Impacts of thermal radiation and heat generation/absorption are further considered for current analysis. The nanoparticles are transporter fluid and dust particles are adjourned in it. Radiative term has been involved in energy equation The fluid flow problem has been governed by Partial differential equations and transformed into ordinary ones by means of proper similarity variables. The obtained nonlinear ordinary differential equations system is then tackled homotopy analysis technique. The properties of developing factors are deliberated through diagrams and tables, and talked about in detail. The volume fraction of the dust particles, magnetic field, and mass concentration of the dust particle reduced the axial velocity while the increased Hall parameter increased the axial velocity. The temperature is increased with increased volume fraction of the dust particles.
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I. INTRODUCTION
Nanofluid have been a challenging study in recent times because of its immense applications in geothermal operations, thermal insulations, food processing, and other petrochemical applications. The design of nanoparticles has VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ diminished as far as possible and overhauled the ability of cooling and warming structures. Different varieties of nanosized fixings are familiar with amassing a thorough extent of employments containing in biosciences, cooling of little scale evaluated chips, harm treatment, reflections of geothermal power, mechanical solidifying systems, nano calm transport, nuclear reactors, cultivating, and regular territories. Nanofluid coolant is used to improve the aerodynamic designs for overcoming aerodynamics drag and subsequent reduction in fuel economy as well as the amount of energy. In 1995 Choi and Eastman [1] presented the basic concept of nanotechnology. Nowadays, many researchers are working on nanotechnology. The potential heat transfer fluid is the significant part of nanotechnology. Carbon nanotubes (CNTs) has abundant application in electromagnetisms, structural materials, electroacoustic, chemicals, water filter, mechanicals, electrical circuits, chemical nanowires, optical, cancer treatment, interconnects, in drug delivery, platelet activation, cardiac regulation, transistors, actuators, super capacitors, and thin film electronics etc. Therefore, the investigators are interested to examine the CNTs with diverse physical conditions. Ahmad and Pop [2] examined the convection nanofluid flow over vertical flat porous plate. Shehzad et al. [3] scrutinized the consequence of joule heating and thermophoresis effect on peristaltic motion of nanoliquid. The heat transportation mechanism in Maxwell nanofluid has been scrutinized by Nadeem et al. [4] .
Liu et al. [5] deliberated the nanofluid flow of CNTs with thermal radiation effect. They found that CNTs nanofluid flow have high thermal conductivity. Nadeem and Lee [6] observed the nanofluid flow over an exponentially stretching surface. Ellahi et al. [7] analytically inspected the nanofluid using Reynolds and Vogel's models. Nadeem et al. [8] , [9] numerically considered the magnetohydrodynamic (MHD) flow of Maxwell liquid over stretching surface within the sight of nanoparticles. Sheikholeslami [10] inspected the nanofluid flow with electric force influence. Shah et al. [11] scrutinized the micropolar nanofluid flow with Hall Effect between parallel plates. Nasir et al. [12] examined the pivoting flow of MHD single walled carbon nanotubes (SWC-NTs). Dawar et al. [13] examined the MHD nanofluid in rotating channels. Considering the Brownian motion impact, Sheikholeslami [14] deliberated the nanofluid flow in a porous media. Dandapat and Gupta et al. [15] inspected the viscoelastic flow over a stretching surface. Over a stretching surface, Qasim et al. [16] scrutinized the thin film nanofluid flow with heat and mass transfer. Metri et al. [17] scrutinized the fluid flow over a time dependent sheet. Usha and Sridharan [18] inspected the flow motion over an unsteady stretching sheet. Muhammad et al. [19] examined the magnetic dipole impact on thermally stratified ferrofluid over a stretching sheet. The recent related studies can be seen in [20] - [23] . The flow of fluid considering diverse channels has plentiful industrial and chemical engineering uses. Tripathi et al. [24] scrutinized the dusty nanofluid flow in a rectangular channel using small Reynolds number. Madhura et al. [25] numerically examined the unsteady dusty nanofluid in porous rectangular geometry using finite Fourier and Laplace transform methods. At different time dependent pressure gradients, Singh [26] inspected the flow of dusty fluid considering rectangular geometry. Chaturvedi et al. [27] introduced the fast convergence scheme for the flow of dusty fluid. The distinction in velocity and temperature functions with respect to stretching sheet melting point was discussed by Prasannakumara et al. [28] . Singh and Ram [29] investigated the electrically conducting dusty fluid. Prasad and Prasad [30] investigated the unsteady dusty fluid flow in parallel plates. Bagewadi and Gireesha [31] inspected unsteady fluid flow through pressure gradient. The heat transfer in MHD fluid flow considering circular channels and pipes was examined by Chamka [32] . Sharma and Varshney [33] studied the MHD dusty gas flow and dusty particles in a hexagonal channel. Manjunatha et al. [34] examined dusty fluid with magnetic and thermal radiation impacts. The other related study of dusty fluid with nanofluid and heat transfer in different geometries can be seen in [35] - [41] . Siddiqa et al. [42] , [43] scrutinized the two phase dusty fluid through a vertical surface. Waqas et al. [44] examined the bio convection flow of second grade nanofluid. Bhatti et al. [45] , [46] inspected the mass and heat transfer rate in a two-phase flow. Others connected research can be found in [47] , [48] .
In the present article the electrically conducting dusty nanofluid through a stretching surface with Hall effect has been investigated through an innovative approach. Impacts of thermal radiation and heat generation/absorption are further considered for current analysis. The nanoparticles are transporter fluid and dust particles are adjourned in it. Radiative term has been involved in energy equation The fluid flow problem has been governed by Partial differential equations and transformed into ordinary ones by means of proper similarity variables. Initially, HAM was presented by Liao in 1992 [49] - [51] . The solution of this method has fast convergent. Due to its fast convergence, numerous investigators [52] - [58] have used HAM for the solution of different problems.
The computed results concerning the effects of rheological and related parameters are presented graphically for, velocity, temperature both single and dusty phase fluid.
II. PROBLEM STATEMENT A. FLOW ANALYSIS
Consider three-dimensional electrically conducting dusty nanofluid flow past over a stretching surface is investigated. The fluid flow is considered in x−axis direction, y−axis is taken normal to the fluid flow, and z−axis is transverse to xy−plane. T w and T ∞ are the temperature at the surface of the fluid and temperature at infinity. Magnetic force is exerted normal to the surface direction. Fluid flow with dust is viewed as thermally radiative. Hall effect is taken in fluid flow model.
The surface in z−axis is assumed of infinite range, so the flow quantities do not have variation along z−axis.
Ohm's law is written as:
Here electric field for low magnetic Reynolds number is neglected, i.e E = 0. Therefore the current density components become
where m = ω e τ e is Hall parameter.
B. NANOFLUID PHASE
The leading equations for the nanofluid phase are [38] , [39] :
Here (u, v, w) and u p , v p , w p are the components of velocity of the nanofluid phase and dust phase in their respective directions as shown in figure 1 . p represents the volume fraction of the dust particles, ν nf represents the kinematic viscosity of the nanofluid, K = 6π µ f r represents the Stokes drag constant, r is the radius of the particle, N represents the density of the dust particles number, σ nf represents the electrical conductivity of the nanofluid, ρ nf represents the density of the nanofluid, B 0 represents the induced magnetic field respectively, which are defined as [39] .
The subscripts f , nf , p, s symbolize the base fluid, nanofluid, dust phase, nanoparticles respectively.
C. DUST PHASE
The modeled equations for the dust fluid phase are [39, 40] :
It is attributing to remark that the movement of nanofluid and residue particles is together just drag force amongst them. The Stokes drag hypothesis is developed to integrate the drag force. Because of dust particles suspension, an additional power term is added in nanofluid stage (can be seen in equations (5) and (6)). The identical term with opposite sign must be comprised in momentum equations for dust phase of the fluid. A similar term yet inverse in sign ought to be incorporated into force condition for residue stage (can be seen in equations (9) and (10) . Since the force on the dust particles which is produced by transporter liquid is equal and opposite to that of the force on the transporter liquid.
The applicable boundary conditions are [38] , [39] :
Take the similarity variables [38] :
Here the prime signifies the differentiation w.r.t. ξ . In view of equation (12) the above equations reduces as:
where α = Nm ρ nf , β = K c m , M 2 = σ nf B 2 0 cρ nf are mass concentration of dust particles, fluid particle interaction parameter for the velocity and magnetic field parameter.
D. HEAT TRANSFER ANALYSIS
The energy equations for the flow are given as [38] :
where T , T p , k nf , c p nf , c m , N 1 = Nm, q r , τ T , τ v represent the nanofluid temperature, dust particles temperature, thermal conductivity of the nanofluid, specific heat of nanofluid, specific heat of dust particles, density of the dust particles phase, radiative heat flux, thermal equilibrium time, and relaxation time of the dust particle.
To solve the energy equations, the following boundary conditions are considered [38] :
The following similarity variables are defined for the solution of energy equations [38] , [39] :
where T − T ∞ = A x l 2 θ (ξ ) , A > 0, implementing equations (20) and (21) in equations (18) and (19) we get
where
represent the Prandtl number, fluid interaction parameter, Eckert number, ratio of the nanofluid specific heat to dust particles, thermal radiation parameter, and specific heat of the nanofluid to dust particles.
Skin-friction coefficient C fx and local Nusselt Nu x are expressed as [38] , [39] :
where the share stress of the surface τ w , and heat flux of the surface q w defined as
After the dimensionless process, it reduces as
III. SOLUTION BY HAM
For solution of equations (13) (14) (15) (16) and equations (22-23) with boundary conditions (17) and (24) we used HAM. The following procedure is used. The primary guesses are picked as:
The L f ,L d ,L F , L D , L θ and L θ p are selected as:
with the following properties:
L f a 1 + a 2 e −ξ + a 3 e ξ = 0, L d a 4 e −ξ + a 5 e ξ = 0, L F a 6 e −ξ + a 7 e ξ = 0, L D a 8 e −ξ = 0, L θ a 9 e −ξ + a 10 e ξ = 0, L θ p a 11 e −ξ = 0, (30) where a i (i = 1 − 11) are the general solution constants.
The consequential non-linear operators N f , N d , N F , N D , N θ and N θ p are specified as:
The zero th -order problems from equations (13) (14) (15) (16) and (22)-(23) are:
When τ = 0 and τ = 1 we have:
By Taylor's series expansion f (ξ ; τ ), d(ξ ; τ ), F(ξ ; τ ), D(ξ ; τ ), θ (ξ ; τ ) and θ p (ξ ; τ ) can be written as:
The secondary constraints f , d , F , D , θ and θp are selected just like that the series (45) converges at τ = 1, changing τ = 1 in (45), we get:
The q th −order problem satisfies the following:
The equivalent boundary conditions are:
Here
IV. HAM CONVERGENCE
The assisting parameters f ,F , d,D and θ,θp appear, when we are using HAM for computing the series solution of the modeled problem. These parameters are in authority for the convergence of problem solution. The convergence regions for axial velocity, transverse velocity, and temperature functions are presented in Figures 2-4 . Figure 2 
V. RESULTS AND DISCUSSION
The impacts of embedding parameters on axial velocity (f (ξ ) and F (ξ )), transverse velocity (d (ξ ) and D (ξ )), and temperature (θ (ξ ) and θ p (ξ )) functions for both nanofluid and dust phases of the fluid flow are presented in this section. These parameters are nanoparticles volume fraction p , fluid interaction (β), magnetic field (M ), Hall parameter (m), thermal dust (β T ), mass concentration of the dust particle (α), Prandtl number (Pr), thermal radiation (R), and Eckert number (Ec). Figures 5-7 depict the impact of p on axial and transverse velocities, and temperature functions. Physically, p upsurges with the rise in strength of fluid fraction force and consequently f (ξ ) falls. The fraction force between nanofluid phase and dust phase of the flow also reduces the velocity F (ξ ) is presented in Figure 5 . The escalating nanoparticle volume fraction p reduces the strength of fraction force and as result the transverse velocity d (ξ ) and D (ξ ) escalates. This is due to the datum that the p applied in transverse direction which decreases the fraction forces of fluid and thus the velocity of fluid increases. This influence is revealed in Figure 6 . There is a direct relationship between p and temperature function (θ (ξ ) and θ p (ξ )). The rise in p escalates the fluid temperature is presented in Figure 7. Figures 8-10 represent the impression of (M ) on axial and transverse velocities, and temperature functions. According to Lorentz theory, the fluid velocity reduces with the increasing in (M ) due to which creates robust opposing force to the fluid flow. Also the velocity layer thickness of the flow reduces with high Lorentz force. Therefore, (f (ξ ) and F (ξ )) declines with the rise in (M ), is displayed in Figure 8 . The consequence of (M ) on (d (ξ ) and D (ξ )) is represented in Figure 9 . Since (M ) is functional in normal direction to the fluid flow, therefore, the velocity in transverse direction increases with the increasing magnetic field. The dropping impact of (M ) on (θ (ξ ) and θ p (ξ )) is presented in Figure 10 . The impact of (m) on axial velocity (f (ξ ) and F (ξ )), and transverse velocity (d (ξ ) and D (ξ )) are deliberated in Figures 11-12 . It is perceived that f (ξ ) and F (ξ ) both are increase with the escalation in (m). This effect is because of the circumstance that the effective thermal conductivity declines with the escalation in (m) and this diminishes the magnetic damping force on (f (ξ ) and F (ξ )). The inverse impact of (m) on (d (ξ ) and D (ξ )) is shown in Figure 12 . Here both (d (ξ ) and D (ξ )) increased gradually while reaching at maximum estimate and then progressively declines to the free stream velocity with the increasing in (m). The impression of fluid interaction parameter (β) on axial velocity (f (ξ ) and F (ξ )) and transverse velocity (d (ξ ) and D (ξ )) are deliberated in Figures 13-14 . The interaction between the particle phase and fluid is higher than the particle phase improves the reverse force to the fluid phase in anticipation of the particle velocity reached the fluid velocity. So the increasing (β) reduces f (ξ ) while upsurges F (ξ ) of the flow as shown in Figure 13 . A similar impact of fluid interaction parameter can be seen in Figure 14 . The impact of (α) on axial velocity (f (ξ ) and F (ξ )), and transverse velocity (d (ξ ) and D (ξ )) are depicted in Figures 15-16 . Physically, the fraction force strength of fluid increases with the escalating (α) and as a consequence the velocity of nanofluid phase f (ξ ) diminishes. Similarly the drag force between the f (ξ ) and F (ξ ), the F (ξ ) of the fluid also reduced along with nanofluid phase f (ξ ). Figure 17 depicts the effect of (α) on temperature function (θ (ξ ) and θ p (ξ )). The increasing (α) reduces (θ (ξ ) and θ p (ξ )). Obviously, the increasing (α) declines the velocity and temperature of the boundary layer. The effect of (β T ) on (θ (ξ ) and θ p (ξ )) is revealed in Figure 18 . The growing (β T ) reduces (θ (ξ ) and θ p (ξ )). This fact is due to the contact between the fluid and particle phase which is grater, then it causes to develop the fluids flow thermal conductivity. The consequence of (R) on (θ (ξ ) andθ p (ξ )) is shown in Figure 19 . The temperature function (θ (ξ ) and θ p (ξ )) increases with escalation in (R). Physically, this performance recognizes as the boost in heat transfer rate and the upsurge in (θ (ξ ) and θ p (ξ )) produced by heightening in (R). The effect of (Pr) on (θ (ξ ) and θ p (ξ ) is revealed in Figure 20 . From here, we have understood the declining conduct in (θ (ξ ) and θ p (ξ )) with the increasing in (Pr). The influence of (Ec) on (θ (ξ ) and θ p (ξ )) is shown in Figure 21 . There is a direct relationship between (θ (ξ ) and θ p (ξ )) and (Ec), and hence the kinetic energy. Therefore the escalation in (Ec) upsurges the intermolecular collision which increases (θ (ξ ) and θ p (ξ )). mass concentration of the dust particle (α), fluid interaction (β), magnetic field (M ), and Hall parameter (m) while the thermal dust (β T ) has no impact on velocity in axial direction. This impact is presented in Table 1 . The transverse velocity has increased with the escalation in nanoparticles volume fraction ( p ) and reduced with the escalation in mass concentration of the dust particle (α), fluid interaction (β), magnetic field (M ) and Hall parameter (m) while the thermal dust (β T ) has no impact on velocity in transverse direction. This impact is presented in Table 2 . The temperature profile has reduced with the escalation in nanoparticles volume fraction ( p ), mass concentration of the dust particle (α), magnetic field (M ) and Hall parameter (m) while increased with the escalation in fluid interaction (β) and thermal dust (β T ). This impact can be seen in Table 3 . The present results are compared with previous published results [38] . A very good validation is found here. Table 4 displays the comparison of results for wall temperature −θ (0). Tables 5-7 display the HAM and Numerical comparison for axial velocity, transverse velocity, and temperature functions. The HAM is compared with Numerical method and have found an excellent agreement.
VI. CONCLUSION
The dusty fluid flow with Hall effect over a stretching sheet considering heat generation/absorption has been examined in this article. The influence of Joule heating, viscous dissipation, thermal radiation, and magnetic field are specified in this work. The concluding remarks are as under:
• The axial velocity is reduced with the increased volume fraction of the dust particles, magnetic field, and mass concentration of the dust particle while increased with the increased Hall parameter.
• The axial velocity showed dual behavior with the escalated fluid interaction parameter.
• The transverse velocity is increased with the enhanced volume fraction of the dust particles, Hall parameter, and magnetic field while reduced with the increased mass concentration of the dust particle.
• The transverse velocity showed dual behavior with the escalated fluid interaction parameter.
• The temperature is increased with increased, magnetic field, volume fraction of the dust particles, Eckert number, and thermal radiation while decreased with the escalated mass concentration of the dust particle, thermal dust parameter, and Prandtl number.
